Cauda equina syndrome refers to a very specific constellation of symptoms that result from damage to the cauda equina, which refers to the portion of the nervous system below the conus medullaris and consists of peripheral nerves, both motor and sensory, within the spinal canal and thecal sac. Damage in this region causes a variety of symptoms, including sciatica; low-back pain; saddle and perianal hypesthesia or analgesia; decreased rectal tone; absent bulbocavernosus, patellar, and achilles reflexes; bowel and bladder dysfunction; and variable amounts of lower-extremity weakness. The causative agent may be extremely variable and includes lumbar disc herniations, arachnoiditis, hemorrhage, trauma, and neoplasms. In this manuscript we review CES in the setting of tumors. First, we look at the tumor types that are common to this region. Second, we review the relative incidence of metastatic tumors and the presentation of patients harboring these lesions as reported in the literature. Last, we examine outcomes following surgical and nonsurgical management of CES caused by neoplastic compression.
medical history of malignancy but in whom there is abnormal weight loss, hematuria, hemoptysis, melanotic stools, and so forth, the possible presence of a metastatic lesion should be suspected. Most investigations may begin with AP and lateral plain spine radiography studies. Findings that should prompt further investigation include pedicle or other bone erosion, abnormal calcifications, and new or worsening scoliosis in the setting of back pain. Patients demonstrating weakness or bowel and/or bladder dysfunction should undergo MR imaging studies with and without Gd enhancement of the appropriate spinal levels, as dictated by results of the clinical examination. Some patients may benefit from additional information gained through CT scanning. In addition to allowing superior assessment of bone integrity at the offending and adjacent levels, CT scanning allows one to differentiate between cauda equina compression from a soft-tissue mass and that from the bone elements, a distinction that may play a critical role in planning surgical rather than nonsurgical treatment.
PRIMARY TUMORS

Myxopapillary Ependymoma
In considering the various common tumor types that may cause CES, it is helpful to divide this spinal region into its various parts. First, there are tumors that arise from the conus medullaris or the terminal filum. The most common primary spinal cord tumor in this region (83%) is the myxopapillary ependymoma. This subclass of ependymoma has a particularly high affinity for the terminal filum and is believed to arise from its ependymal glia. These tumors tend to occur in young adults with a mean age of 36.4 years at presentation. 28, 31, 35 There is a 2.2:1 male/female ratio. These tumors tend to be very slow growing, and patients often present with a rather long history of back, leg, or sacral pain and weakness, or sphincter dysfunction.
Magnetic resonance imaging is the diagnostic modality of choice for visualizing the conus medullaris and cauda equina region. Myxopapillary ependymomas appear as well circumscribed, sausage-shaped lesions that are hypointense on T 1 -weighted sequences, hyperintense on T 2 -weighted sequences, and brightly enhanced with the addition of Gd. Microscopically, these lesions are characterized by cuboidal cells positive for glial fibrillary acidic protein and arranged in a rosette-like pattern. A mucoid matrix accumulates between the tumor cells and the vasculature, giving this tumor its distinct microscopic appearances (Fig. 1) . 27, 35 Excision is the treatment of choice for myxopapillary ependymomas, with cure being possible on complete excision. Typically, there is a clear cleavage plane found intraoperatively because these tumors tend to compress adjacent neural tissue rather than invade it. In addition, the success of surgery has been shown to correlate directly with the degree of neurological deficit on presentation and inversely with the duration of symptoms. 18, 30 Of those patients with only pain on presentation, 86% had excellent outcomes (that is, symptom free or minor symptoms not affecting daily living), whereas only 67% of those with motor weakness and 33% of those with sphincter dysfunction on presentation had good outcomes.
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Schwannomas of the Spinal Region
Schwannomas are neoplasms arising from the nerve sheath. The transition zone from central myelin (oligodendrocytes) to peripheral myelin (Schwann cell) is known as the Obersteiner-Redlich zone, and this transitional region typically gives rise to schwannomas. 5 These tumors may arise in a solitary, sporadic fashion (most common) or in multiples as part of a complex genetic disorder known as neurofibromatosis Type 2. Multiple schwannomas occasionally may occur in a sporadic fashion, but this is far less common. These tumors have a peak incidence in a patient's fifth and sixth decades. Furthermore, schwannomas have a predilection for sensory nerves and tend to arise from the dorsal roots.
On gross examination schwannomas are soft, discrete, lobulated masses that may or may not have a cystic component. Their color may vary from yellow to darkly pigmented in the melanotic variant. Small lesions may be seen as appendages from the nerve root of origin, whereas larger masses may dramatically deform and compress rather than invade neighboring roots. Microscopically, these tumors are characterized by spindle-shaped, neoplastic Schwann cells with alternating compact (Antoni type A) and loosely textured (Antoni type B) areas. 35 Bone changes may be evident on plain radiographs in cases of schwannomas. Widening of the neural foramen and scalloping of the adjacent vertebral body are commonly visible. Computerized tomography scans may demonstrate associated osseous erosion along with a hypodense to slightly hyperdense mass. Calcifications may be seen rarely. Results of MR imaging studies are variable, although tumors most often appear isointense on T 1 -weighted sequences and hyperintense on T 2 -weighted sequences. 28 This may vary depending on the fat and melanin content of some schwannoma subtypes. In addition, approximately 40% of schwannomas have a cystic component. Virtually all tumors, regardless of the subtype, enhance following administration of a contrast agent (Fig. 2 ). Clinical symptoms associated with spinal schwannomas are indistinguishable from those associated with disc herniation. 27 Radicular pain is a common complaint, followed by paresthesias and weakness.
Excision is the treatment of choice for schwannomas. These tumors are very slow growing and well circumscribed and therefore are readily amenable to complete excision. No role has been defined for radio-or chemotherapy in the management of these benign lesions.
Paragangliomas of the Spinal Region
Paragangliomas are slow-growing, benign neoplasms of neuroendocrine origin and may rarely occur in the spinal cord. These tumors arise from the accessory organs of the peripheral nervous system known as the paraganglia. They may also be found in the adrenal gland (pheochromocytomas), the carotid body (carotid body tumors), or the immediate vicinity of the vagus nerve (vagus paragangliomas). The first description of a paraganglioma of the terminal filum was published in 1970 by Miller and Torack. 28 Since the writing of this report, several other case reports and small case series involving paragangliomas of the spinal cord have been described, with more than 120 reported to date. Paragangliomas are usually intradural, extramedullary lesions with a high affinity for the cauda equina and terminal filum. 29, 35 On gross examination, these are soft, encapsulated, homogeneous intradural masses that may be slightly hemorrhagic. 5, 24, 35 They are typically oval to sausage shaped and are attached to either the terminal filum or less often to a caudal nerve root. 24, 35 Microscopically, paragangliomas are characterized by uniform cells with neuronal differentiation forming compact nests known as "zellballen" and are surrounded by a delicate capillary network (Fig. 3 ). 35 As with other tumors of the spinal region, the most common symptoms on presentation are low-back pain and sciatica, with a mean symptom duration of 4 years. 31 Only four endocrinologically functional (catecholamine-producing) paragangliomas have been reported to date. 20, 35 The mean age on presentation is in the fifth decade (that is, 47 years), with men being more often affected than women (1.4:1). 5, 24, 35 Radiographically, cauda equina paragangliomas are fairly nonspecific. Findings on plain radiographs and CT scans include bone erosion (scalloping) and widened interpedicular distance. In addition, an isodense, homogeneously enhancing mass may be noted on CT scans. On T 1 -weighted MR images, these masses appear as isointense to slightly hypointense, with marked contrast enhancement. The T 2 -weighted image visualizes a hyperintense mass.
The prognosis for cauda equina paragangliomas is excellent. Given its encapsulated nature, complete excision affords a potential cure. The long-term recurrence rate following gross-total removal has been estimated at approximately 4%. 35 Seeding of the CNS has been reported, and there has been a single case report of metastasis outside the CNS. 29 No clear role for radiotherapy in the treatment of residual or recurrent disease has been defined given the rare occurrence of this tumor and its high surgical cure rate.
Astrocytomas of the Spinal Region
Astrocytomas are relatively common spinal cord tumors, especially in children, in whom it is the most common primary spinal cord lesion. 24 These tumors are exceedingly rare in the region of the conus medullaris and terminal filum, however. Isolated conus medullaris involvement occurs in only approximately 3% of cases. 24 These tumors, like other glial spinal neoplasms, tend to appear in patients who have a long history of back and leg pain along with variable amounts of motor weakness and sphincter dysfunction. Low-grade tumors (World Health Organization Grades I and II) often lack objective neurological signs in patients at presentation, thus often delaying diagnosis. On the other hand higher-grade tumors (World Health Organization Grades III and IV) tend to have a much shorter duration of symptoms and demonstrate significantly more neurological symptoms on presentation. 9 On gross examination, astrocytomas appear as diffuse fusiform enlargements of the spinal cord or conus medullaris. These tumors are characterized by increased cellularity along with variable amounts of cellular pleomorphism, nuclear mitoses, and necrosis, depending on the tumor grade. In addition, these tumors lack a clear cleavage plane, and neoplastic cells tend to infiltrate well beyond the region of radiographic abnormality. 24 On plain
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Cauda equina syndrome caused by primary and metastatic neoplasms radiographs and CT scans, bone erosion and widened interpedicular distance may be seen. There may or may not be associated scoliosis and canal widening. Magnetic resonance imaging is the modality of choice in visualizing astrocytomas of this region. On T 1 -weighted images, the tumor tends to be isointense to hypointense to the normal spinal cord, with variable amounts of enhancement on the administration of a contrast agent. On T 2 -weighted images, the lesions appear hyperintense.
The prognosis for astrocytomas of the conus medullaris and terminal filum is far worse than that for ependymomas. Grade I lesions, which occur mainly in children, may possess a cleavage plane, and therefore gross-total excision may be possible. In contrast, higher-grade lesions, which occur predominantly in adults, lack a clear cleavage plane and have a relatively higher recurrence rate. Furthermore, unlike with ependymomas, the extent of resection in astrocytomas does not affect overall patient survival because the lesions are infiltrative with a high recurrence rate. 7 This is one clinical situation in which a frozen-section diagnosis determined intraoperatively is critically important. Should the characteristics of the frozen section be consistent with those of an infiltrating glioma and no clear cleavage plane is found, then tumor debulking should be undertaken with the intent of minimizing trauma to functional tissue. In this circumstance, postoperative radiotherapy should be administered in an attempt to control residual disease.
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Chordomas of the Spinal Region
Chordomas are malignant tumors that arise from the remnants of the primitive notochord. In the spine, the most common location for this slow-growing, aggressive tumor is the sacrum and the coccyx. Chordomas account for 2 to 4% of malignant primary osseous neoplasms and are the most common primary sacral neoplasm. 8, 27 The peak incidence for sacral chordomas is the sixth decade, and there is a 2:1 male predominance. 8 Sacral chordomas are locally invasive, lobulated masses with a gelatinous texture. Two subsets of this tumor exist: typical chordomas and chondroid chordomas. In the typical type, variable amounts of intracellular mucin are embedded in pools of extracellular mucin. In the chondroid variant this gelatinous mucinous matrix is replaced by cartilaginous foci. Microscopically, the hallmark of chordomas is the vacuolated, bubble-bearing cell know as "physaliferous cell." Neuroimaging findings are extremely variable when dealing with chordomas. On T 1 -weighted MR imaging sequences there tends to be a predominantly low signal, whereas on T 2 -weighted and proton-density images the signal is predominantly equal to or greater than that of cerebrospinal fluid. The enhancement pattern varies from very little to intense. Often there are solid and cystic components. Calcifications may be visualized on CT scans, and often an associated anterior or lateral soft-tissue mass is demonstrated as well. The typical CT scan demonstrates a mixed lytic and sclerotic picture. 30 In addition, these tumors are capable of extending across the disc space and the sacroiliac joint. Plain radiographs often reveal significant sacral erosion and enlargement of the AP diameter of the sacrum (Fig. 4) .
The most common presenting symptom in a patient harboring a sacrococcygeal chordoma is pain. Usually it confined to the low back, but sciatic-type pain has also been reported in up to 30% of patients. 13, 21 Furthermore, patients have a high incidence of constipation, likely due to the enlarging presacral mass that causes rectal compression. The mean duration of symptoms by the time of patient presentation ranges from 1 to 3 years because of the slow rate of the tumor's growth. 30 Resection is the treatment of choice for sacral chordomas. Histologically, chordomas are relatively low-grade lesions. Nonetheless, they tend to develop in locations such as the clivus and the sacrum, which makes surgical cure extremely difficult. Note that gross-total resection has been demonstrated directly to affect long-term survival. 21, 36 The role of radiation treatment in the overall management of sacral chordomas is rather controversial. Traditionally, x-ray beam radiotherapy has been shown to be marginally effective to completely ineffective in the treatment of these lesions. There is, however, an emerging body of data that supports the use of proton-beam radiotherapy for lesions not amenable to resection and for residual/recurrent disease. Chemotherapy has been shown to have no value in the treatment of chordomas.
Giant Cell Tumors of the Spine
Giant cell tumors are locally aggressive, primary bone tumors that typically occur at the ends of long bones.
Although only approximately 7% of giant cell tumors occur in the spine, the most common spinal location is the sacrum. This lesion is the second most common primary sacral tumor after chordomas. 8 These tumors represent approximately 5% of all primary bone tumors and have a peak incidence in the third decade of a patient's life. There is a slight female predominance for giant cell tumors involving the spine. 8, 27, 35 Giant cell tumors are locally aggressive and destroy local bone. Typically they progress through the sacral cortex, but rarely through the periosteum. Histologically, they contain sinusoidal vessels with hypervascular stroma. The giant cells, which are multinucleated macrophages, are not specific to giant cell tumors and may occur as a reaction to foreign tissue. 8 Although typically histologically benign, approximately 5 to 10% of giant cell tumors may undergo malignant degeneration and assume a more aggressive course.
Common findings on plain radiographs of giant cell tumors include erosion of the sacral bone, widening of the sacral canal, and widened interpedicular distances. On CT scans, giant cell tumors appear as soft-tissue masses that may or may not possess a sclerotic rim. These lesions are very vascular and demonstrate intermediate signal intensity on both T 1 -and T 2 -weighted MR imaging sequences. Often there is intense contrast enhancement with the administration of Gd. Angiography studies may also demonstrate the intense vascularity of these tumors and may be instrumental in preoperative embolization for planned surgical intervention.
Excision is the treatment of choice in giant cell tumors of the sacrum. Given the large size and the destructive nature of these lesions, surgical management may be very complex and necessitate a multidisciplinary approach both to excise and reconstruct this region. Local recurrence following excision is fairly common and occurs in approximately 20% of cases. 15 In addition, malignant transformation is a serious concern with giant cell tumors, occurring in up to 10% of cases. 8, 27 For recurrent or residual disease, radiation may be a useful adjunctive treatment. 6, 23 Several groups have been able to demonstrate reasonable tumor control in subtotally resected lesions involving the sacrum. 6, 23 There is no clear role for chemotherapy in the management of giant cells tumors of the spine.
METASTATIC TUMORS
Metastatic tumors comprise the bulk of all tumors occurring in the spine in general. Note, however, that isolated metastases to the low lumbosacral region or the cauda equina are relatively rare compared with the primary tumors occurring in this region. With the improved treatments of many systemic cancers and the resultant increase in patient survival, spinal metastases and their sequelae are becoming increasingly common. Of all primary lesion types, lung carcinoma (40-85%), breast carcinoma (11%), renal cell carcinoma (4%), lymphoma (3%), and colorectal carcinoma (3%) are the most common types seen in the spine. These tumors may primarily involve bone or may be intradural or extradural in location. Intramedullary metastases are extremely rare, especially in the region of the conus medullaris. Intracranial lesions such as ependymomas, primitive neuroectodermal tumors, and glioblastomas multiforme may have drop metastases to the lumbosacral region. Spread to the lumbosacral spine may also occur by direct invasion, as in the case of some gastrointestinal and genitourinary cancers, or by hematogenous spread, which is the most common route. Signs and symptoms of neural involvement may be caused by direct tumor invasion or from bone compression due to pathological spine fractures.
The radiographic findings in the setting of metastases are for the most part nonspecific. The presence of multiple lesions involving the lumbosacral region is, however, an imaging hallmark of metastases. Metastatic lesions are usually osteolytic, although breast and prostate cancer may appear as sclerotic masses. 8, 27 Plain radiographs may demonstrate lytic or sclerotic regions. Computerized tomography scanning may further help to delineate the mass as well as assess the bone quality of the affected and adjacent levels. Magnetic resonance imaging studies again demonstrate multiple lesions whose signal intensities vary depending on the primary lesion. In cases in which drop metastases are suspected, it is imperative to obtain an image of the brain as well as the spine; this may prevent potentially disastrous tonsillar herniation from a large posterior fossa mass.
In general, patients with epidural metastatic spinal lesions localized to the cauda equina region present with symptoms similar to those in patients with primary tumors. Low-back pain, numbness, paresthesias, and vari-
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Cauda equina syndrome caused by primary and metastatic neoplasms able amounts of sphincter dysfunction are common. Symptoms of severe pain preceding the onset of motor weakness generally correlates with epidural compression, whereas the appearance of muscle weakness and sphincter dysfunction with very little pain generally indicates intramedullary metastasis. 11, 14, 26 As mentioned earlier, lung cancer is the most common tumor to metastasize to the spine. Tumors usually spread to the thoracic region, and compression at the level of the cauda equina is relatively rare. In a large retrospective review of more than 2200 patients with lung cancer from two large university centers, Ampil, et al., 3 found only 16 cases (0.7%) of cauda equina compression from metastatic lung cancer. In this review, there was a long duration of symptoms (mean 89 days) prior to diagnosis. The most common subtype of metastatic lung cancer found in this review was non-small cell. Most patients with cauda equina compression from metastatic lung cancer were also found to have metastases elsewhere in the body at the time their disease was diagnosed. The overall prognosis for the disease in this group of patients is extremely dismal, with a mean survival of only 2 months. This is consistent with the overall prognosis in patients with metastatic lung cancer at other vertebral levels in whom mean survival has been found to be approximately 3 months. 33, 34 Breast cancer represents the second most common origin of symptomatic spinal metastases. Approximately 80% of patients with breast cancer will have skeletal metastases during the course of their disease. 4 Patients with breast cancer may present with diffuse metastatic meningeal carcinomatosis in the cauda equina region, similar to lung cancer. In one large retrospective study (1283 patients), the incidence of cauda equina compression from breast cancer metastases was found to be 1.2%. 1 The median survival in these patients was approximately 8 months (Fig. 5) .
Lymphoma in most cases involves the epidural compartment and bone. Approximately 3% of CNS lymphomas have intramedullary involvement, however. 24 Intramedullary CNS lymphoma in the region of the conus medullaris or cauda equina is exceedingly rare and will not be discussed further in this paper. The far more common site of lymphoma involvement in this region involves infiltration of the bone elements, especially the sacrum.
Some metastatic tumors, such as thyroid or renal cell carcinoma, may be extremely vascular. Preoperative angiography studies and embolization are vital in these cases to prevent massive intraoperative blood loss. Definitive surgery is usually undertaken within 24 hours of the embolization procedure to minimize revascularization of the lesion.
TREATMENT OPTIONS
The clinical dogma that surrounds CES supports emergent decompression in patients presenting with the clinical hallmarks. A critical review of the literature, however, demonstrates that this issue is far more controversial than one might imagine. Outcomes in patients with CES vary according to the study one considers. Very few studies have been focused on outcomes solely in the face of neoplastic compression. Most treatment guidelines have therefore been extrapolated from the literature on CES in the setting of large disc herniations. As with spinal cord compression in other regions, outcomes appear to be far more favorable in patients with incomplete lesions compared with those harboring complete lesions. The outcomes in patients who undergo surgical decompression are very controversial. Some researchers have failed to find any difference between patients who undergo surgery emergently (Ͻ 12 hours) and those who undergo surgery urgently (24-48 hours). 19 Others, however, have found that those patients with incomplete lesions (that is, those with neurogenic urinary difficulties, loss of the urge to void, and the need to strain to micturate) fared far better with emergent surgical decompression than did those with complete lesions (those with painless urinary retention and overflow incontinence). 12, 22 Analysis of data from animal models demonstrates that there is a very narrow window of opportunity during which surgical decompression may improve outcomes. 22 Stephenson, et al., 32 reported data from an experimental model of cauda equina compression in macaque monkeys. They found that decompression performed within 1 hour of syndrome onset had excellent outcomes. Furthermore, they noted that the benefit of surgical decompression had waned by 4 hours after syndrome onset. As one might imagine, this poses a great challenge in a clinical setting because the actual time of syndrome onset is often difficult to ascertain given that patients commonly have a fairly long history of chronic back pain and most often present after experiencing an inability to void or perianal anesthesia. These symptoms may occur hours after the actual onset of nerve root compression.
In addition, reported outcomes in the literature vary according to the outcome measure used. Those studies in which patients' subjective symptoms are used tend to be associated with much higher success rates on surgical decompression compared with the rates in urodynamic studies. Urodynamic studies may demonstrate significant bladder dysfunction despite a complete absence of patient complaints. 16 Radiotherapy may be considered an option in patients with a fairly short life expectancy, in those who may not tolerate a trip to the operating room because of medical comorbidities or systemic disease, and in those whose compression is caused by a radiosensitive primary or secondary tumor. One must be aware that in cases of pathological fractures with bone fragments retropulsed into the spinal canal, radiotherapy will not be as effective as it might be in a scenario involving compression from the soft-tissue mass. Ampil, et al., 2 reported their 19-year experience with palliative radiotherapy in patients with metastatic lesions and CES. Although this study was retrospective and had a relatively small sample size (76 patients), the authors did report excellent results in terms of pain relief (94% complete relief and 3% partial relief). These authors found similarly excellent results in regard to pain relief in patients with metastatic lung cancer (five of five patients improved significantly). 3 Nonetheless they also found that very few patients experienced any improvement in impaired sensation or sphincter dysfunction compared with their pretreatment condition. Conclusions regarding motor strength improvement or worsening were not reported in this paper. These authors did, however, report that 11 of the 28 patients with some pretreatment "motion impairment" were ambulatory at the conclusion of treatment. This indicates that in the subgroup of patients with a fairly short life expectancy, palliative radiotherapy may be considered as a treatment alternative sufficient to improve their quality of life.
CONCLUSIONS
Cauda equina syndrome caused by neoplastic compression can have a very profound effect on the quality of life and overall survival of patients with cancer. A myriad of both primary and secondary (metastatic) lesions may occur in this fashion. In general, prompt diagnosis and treatment are the most important goals, because the timing of intervention may significantly affect the overall disease prognosis in these patients. Last, a multidisciplinary team that includes neuroradiologists, neuropathologists, radiation oncologists, and neurosurgeons is essential for the optimal management of this complex and potentially devastating condition.
